2H phase (trigonal prismatic D3h) of layered two-dimensional (2D) transition metal dichalcogenides (TMDs) have attracted a lot of interests due to the superior electronic and optoelectronic properties. However, flexible electronic devices and thermoelectric performances based on 2H phase have been potentially limited by the strain sensitive electronic band gap and high lattice thermal conductivity ( ). Here, we predict and calculate two 1T (octahedral Oh) phase monolayer telluride materials SnTe2 and SiTe2 with soft mechanics, ultralow and electronic properties. The calculated in-plane Young's modulus of monolayer SnTe2 is softer than most of 1T-MX2 compounds. Furthermore, monolayer SiTe2 and SnTe2 also have relatively flexible electronic properties under large biaxial strain, indicating potential flexible electrode materials. Meanwhile, monolayer SiTe2 and SnTe2 both exhibit ultralow (2.27 W/mK of SiTe2 and 1.62 W/mK of SnTe2) at room temperature.
Introduction
Recently, transitional metal dichalcogenides (TMDs) have attracted a lot of interests due to the wide range of applications in nanoelectronics [1] , optoelectronics [2] [3] , photovoltaics and photodetection [4] . Generally, 2D TMDs have two stable phases that are honeycomb (H) and central honeycomb (T) configurations. Besides, another phase 1T' with lower symmetry, which is a distorted version of 1T structure [5] . At normal condition, 2H phase is more stable than 1T and 1T' and shows superior properties. For example, the well-known monolayer 2D MoS2 of 2H structure is a direct band gap semiconductor, but 1T counterpart is a metal instead. However, Metallic 1T MoS2 has been confirmed as a superior supercapacitor electrode material [6] . Furthermore, a series of 1T-type 2D TMDs have also been reported to have in-plane negative Poisson's ratio due to the strong coupling between different electronic orbits [7] . Even though 1T phase is less stable than 2H, 1T TMDs have been experimentally synthesized [8] [9] and have many exotic novel properties [1] [7] [10] .
In 2012, around 44 different combinations of MX2 compounds, including 1T and 2H phases monolayer transition metal oxides and dichalcogenides have been predicted by Ataca et al [11] . In all these MX2, element M comes from Group IIIB to VIIIB (like Sc, Ti, V, Cr, Mn, Fe, Co, Ni) and X from group VIA (including S, Se and Te). Hence, it is interesting to explore other stable 1T MX2 with novel properties. Here, we consider the group IVA element M and group VIA element X forming novel 1T-type MX2 monolayer 2D materials. Within this combination, Yu et al successfully exfoliated monolayer 1T phase SnSe2 via mechanical exfoliation [8] , which has a high ZT of 0.94 at 600 K [10] . What's more, 1T-SnS2 is also utilized in highperformance top-gated field-effect transistors (FETs) and related logic gates [9] . Recently, atomically thin 2D tellurium has been reported to have ultralow of 2.16 W/mK [12] and has been synthesized with superior electronic mobility [13] [14] . In this sense, monolayer telluride materials would be potential thermoelectric materials with high ZT.
A silicon based layered nanostructures of silicon telluride Si2Te3 have been synthesized successfully [15] . After that, bulk material SiTe2 has also been found via quantum-chemical techniques [16] and the electronic properties of monolayer SiTe2 have been studied [17] . In this paper, we would like explore to some new 1T phase telluride materials with many excellent mechanical and thermoelectric properties. Good thermoelectric materials can directly convert waste heat into electrical energy with high efficiency, which is crucial for the sustainable development under energy crisis and global warming. An optimal thermoelectric material needs to balance a variety of conflicting parameters, which is expressed as ZT = 
Computational details
All of our calculations of monolayer 1T-XTe2 (X=Si, Sn) are performed using the density functional theory (DFT), as implemented in the Vienna Ab initio Simulation Package (VASP) [20] [21] within the projector augmented wave (PAW) [22] [23] method. Perdew-Burke-Ernzerhof (PBE) [24] is used as pseudopotential with the generalized gradient approximations (GGA) for exchange correlation functional. 500 eV kinetic energy cut-off for the plane-wave basis set are adopted in . We calculate the second and third anharmonic force constants via using a 6×6×1 supercell, considering the third nearest neighbors. The electronic transport properties are calculated via using Boltzmann transport theory and relaxation time approximation (RTA), as implemented in the BoltzTraP codes [28] based on the electronic band structures.
Results and discussion

Structure optimization and stability
We calculated two 1T phase monolayer telluride XTe2 (X = Si, Sn) which belong to the space group p3 � 1 (NO.164), as shown in Fig 1. From the top view, the optimized structure can be regarded as a superposition of central atom and honeycomb structure of TMDs. It can also be viewed that the positive single-layer hexagonal lattice of X atom is sandwiched between two negatively charged Te atoms in the side view [11] . As we know, the lattice constant of bulk SiTe2 in the experiment is a = b = 7.43 Å, c = 13.48 Å within the trigonal space group p3 � 1 (NO. 163) [16] . Monolayer SiTe2 have been studied recently [17] .
But 3D and 2D material of SnTe2 have not been caught much attention yet. The optimized structure in Table 1 The intrinsic thickness of structures is exhibited outside the parentheses in Table 1 [11] . These high cohesive energies reflect good thermal stability of our monolayer 1T XTe2.
The 
Soft mechanical properties
We calculated the mechanical properties of monolayer SiTe2 and SnTe2, such as the elastic modulus tensor C ij , the Young's modulus (in-plane stiffness) and Poisson's ratios. We use the Hooke's law plane-stress condition to calculate the elastic constants and moduli of our 2D materials [31] [32]. The formula of Young's modulus and Poisson's ratio can be expressed as: [32] [33] 
The results are shown in Table 2 . As the 3D systems can be directly calculated by first-principles theory, but the 2D has to be utilized by the vdW effective thickness of structures in SiTe2 and SnTe2 illustrate that the group velocity of acoustic of them are lower than monolayer SnSe2, indicating ultralow [10] . Secondly, the phonon group velocity of each mode is given by = ( ) , where ω, k, q represent the vibrational frequency, the vibrational mode index and the wave vector respectively [1] . Therefore, we can know that the slope of acoustic phonon modes represents the magnitude of the group velocity approximatively. The acoustic phonon modes of monolayer SiTe2
and SnTe2 are more flat than monolayer SnSe2 from their phonon spectrum and the slope of them are smaller than monolayer SnSe2 [10] . Lastly, the relative atomic mass of the element Te is heavier than that of Se, which will enhance the phonon scattering, and further decrease . Similarly, we also know that 1T' phase monolayer MoTe2 and WTe2 have lower with 1.6 W/mK and 1.06 W/mK at room temperature separately [37] . The important reason is associated with heavy atomic mass element of Te. It is also demonstrated that monolayer Te have unusually low because of the weak phonon vibrations and interatomic bonding [12] . As a result, those reasons explain that of monolayer SiTe2 and SnTe2 are lower than monolayer SnSe2.
In Fig. 3(a) Fig. 3(b) show that group velocity of monolayer SnTe2 is smaller than monolayer
SiTe2 since the mass of Sn atom is heavier than Si. Moreover, we know that the value of phonon lifetime is determined by the channels of three phonon scattering, which can be calculated by the phase space P3 theoretically [12] [27], as shown in Fig. 3 (c) and 3(d) respectively. P3 is inversely proportional to phonon lifetime and also related with strength of anharmonicity. The results of Fig. 3(d) show monolayer SnTe2 has strong anharmonicity and it can lead to lower . In general, we think that there are in the competition between group velocity and phonon lifetime. of monolayer SnTe2 is lower than SiTe2 because of the domination of phonon lifetime.
Electronic structures
Electronic band calculations of monolayer SiTe2 and SnTe2 are presented in Fig. 4 (a) and 4(c) respectively. The total DOS are shown in Fig. 4 (b) and 4(d). As we can know, they are semimetal materials due to the overlap between the conduction band minimum (CBM) and the valence band maximum (VBM) [40] . According to section 3.2 and 3.3, we find monolayer SiTe2 and SnTe2 are much softer than most of other 1T-type monolayer materials. They also have ultralow . Thus, we speculate that they may have flexible electronic properties. We consider the changes of band structures and DOS by biaxial strain ε [41] . In Fig. 4 , bule, red and black lines represent ε= 5%, ε= -5% and no strain respectively. Around the Fermi level, the changes of electronic band structures and the values of DOS are small. For example, energy changes of CBM of monolayer SiTe2 and SnTe2 vary from ε=0 to ε= 5%. The reduced energies are about 0.35 eV and 0.14 eV respectively. From ε=0 to ε= -5%, the increased energies are about 0.04 eV and 0.13 eV. Importantly, they are still semimetal materials under biaxial strain. Therefore, they have relatively flexible electronic properties. Combined with their soft mechanical properties in section 3.2, it is indicated that monolayer SiTe2 and SnTe2 may be potential flexible electrode materials.
Considering relatively flexible electronic properties, we then focus on exploring their electronic transport properties without strain. Around the Fermi level, the CBM have much higher DOS than the VBM. As a result, we can roughly estimate that moving the Fermi level with a certain carrier concentration could acquire a higher Seebeck coefficient, because it is proportional to the DOS effective mass [42] [43].
Electronic transport properties
On the basis of the electronic structures, the Boltzmann transport theory and the relaxation time approximation (RTA) can be used to calculate the electronic transport properties for monolayer SiTe2 and SnTe2. The electronic conductivity σ and electronic thermal conductivity are all dependent of the relaxation time τ. We focus on considering charge scattering mechanism for monolayer SiTe2 and SnTe2, which plays a critical role in electronic transport properties. Usually, it is reasonable that the carries scattering of acoustic phonon, polar optical phonon and impurities should be considered [54] . Here, we mainly consider acoustic and polar optical phonon scattering.
We can estimate acoustic phonon scattering of the relaxation time τ based on deformation potential theory via the effective mass approximation. The formula of the carrier mobility can be expressed as = by uniaxial strain ε [52] . All parameters of monolayer SiTe2 and SnTe2 are listed at 300 K in Table 3 .
Furthermore, we consider polar optical phonon scattering to estimate the relaxation time . and SnTe2 are 0.068 and 0.19 respectively. ℏ is polar optical phonon energy and Z0 is the crystal thickness. In our calculations, we use the intrinsic thickness of structures here [54] . In the limitation of high temperature, we can obtain the formula of the relaxation time ,
Here, the ∞ and for monolayer SiTe2 and SnTe2 are 0.95, 11.45 and 0.97, 8.54 respectively. The results of for them utilizing the formula (4) are shown in Table 3 . Thus, we can estimate the total relaxation time of electron according to the Matthiessen rule, Table 3 , we obtain of SiTe2 and SnTe2 with 1.84×10 -14 s and 1.56×10 -14 s at 300 K. From the results, the polar optical phonon scattering plays an important role for carrier relaxation time τ which can overestimate the value of without considering the contributions of LO phonon. The ZT of material may be overestimated eventually. Based on the estimated values of , we next calculate all the electronic transport coefficients at different temperatures using the Boltzmann transport equation [28] . We also simulate changes of the carrier concentration utilizing the rigid band approximation (RBA) [10] [56] [57] . Fig. 5 and Fig. 6 show that all the electronic transport parameters vary with the same range of effective carrier concentration at 300 K, 600 K and 900 K when moving the Fermi level for monolayer SiTe2 and SnTe2 respectively. Importantly, we need to calculate effective carrier concentration of 2D material considering the thickness of unit cell because the default is the value of bulk materials in BoltzTrap codes [58] [59] . For the two monolayer materials in Fig. 5(a) and Fig. 6(a) They also have large σ in Fig. 5(b) and Fig. 6 (b) at three temperatures because of the conductivity of the semimetal material.
In Fig. 5(c) and Fig. 6(c) , the power factor (PF) is large at 300 K, because it also has the larger S and σ comparing to 600 K and 900 K. But we know the constraints between S and σ. Finally, we present results of ZT at the different temperatures based on above electronic and phononic transport coefficients in Fig. 5 
4.Conclusion
In conclusion, we have predicted and calculated 1T phase monolayer semimetal materials of SnTe2 and SiTe2, and explored their mechanical, the phononic and electronic transport properties based on first principles calculation combining with the Boltzmann transport theory. Comparing to other reported 42 1T-MX2 compounds in Ref. [7] , monolayer SnTe2 is softer.
Monolayer SiTe2 and SnTe2 have relatively flexible electronic properties under biaxial strain ε= ±5%. Combining soft mechanics with flexible electronic properties, these two structures may be potential flexible electrode materials. Furthermore, of monolayer SiTe2 and SnTe2 are lower than monolayer SnSe2 [1] [10] that are the lowest in the reported 1T-type structures.
We attribute the reasons of ultralow to three aspects: the lower maximum frequency of acoustic phonon modes of monolayer SiTe2 and SnTe2, the lower slope of three acoustic phonon modes with the lower group velocity of monolayer SiTe2 show that ZT of monolayer SiTe2 and SnTe2 can achieve 0.46 at 600 K and 0.71 at 900 K. • Mechanical, electronic and thermoelectric properties of monolayer 1T phase semimetal SiTe2 and SnTe2 is firstly studied.
• Much smaller in-plane stiffness and ultralow thermal conductivity of monolayer SiTe2 and SnTe2 are obtained and physically explained.
• The two structures show relatively flexible electronic properties under large biaxial strain ε= ±5%, indicating potentially flexible electrode materials.
• We have clearly shown and discussed that both acoustic and polar optical phonon scattering play a critical role in the relaxation time of electronic properties in both 2D semimetal SiTe2 and SnTe2.
